Supplementary Material to “First Constraints on Light Axions from the Binary
Neutron Star Gravitational Wave Event GW170817”

Jun Zhang,"'? * Zhenwei Lyu,>* ' Junwu Huang,** Matthew C. Johnson,>% 8
Laura Sagunski,® ¥ Mairi Sakellariadou,”® ** and Huan Yang® % ft

! Theoretical Physics, Blackett Laboratory, Imperial College, London, SW7 2AZ, UK
2[llinois Center for Advanced Studies of the Universe & Department of Physics,
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA
3 University of Guelph, Guelph, Ontario N2L 3G1, Canada
4 Perimeter Institute for Theoretical Physics, Waterloo, Ontario N2L 2Y5, Canada
5 Department of Physics and Astronomy, York University, Toronto, Ontario, M3J 1P3, Canada
S Institute for Theoretical Physics, Goethe University, 60438 Frankfurt am Main, Germany

" Theoretical Particle Physics and Cosmology Group, Physics Department,
King’s College London, University of London, Strand, London WC2R 2LS, UK
8 Theoretical Physics Department, CERN, Geneva, Switzerland

In the presence of the axions, the leading corrections
to the GR binding energy and radiation power are given
by
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Here Q is the orbital frequency, r denotes the separa-
tion between the two NSs of masses M; and M, and
M = M; 4+ M> is the total mass. Comparing to Eqs. (4)
and (6), we also include terms proportional to p; o that
could in principle arise due to the present of a generic
scalar field. The value of p; 2 is model dependent. For
axions, these terms characterize the induced charge ef-
fect, and p = (Ry + Re) /16GM when m, = 0. Thus,
we expect that the induced charge effect could become
important at the late stage of inspirals for axions with
small masses. However, taking into account this effect
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requires further studies on how p; 5 relates to the param-
eters of the neutron stars and the axion field. Therefore,
we neglected the induced charge effect in our analysis.

In TaylorF2 waveform temple, the phase ¥(f) in
Eq. (7) can be calculated by using the stationary phase
approximation,
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where F and P are the binding energy and radiation
power of the binary system respectively. Note that E
and P are functions of r and 2, which are related by
the modified Kepler’s law r(£2), and the GW frequency
relates to the orbital frequency through Q@ = 7 f. Given
the fact that the axion charge ()2 must be small, we
neglect terms of O(Q1 ), O(Q7 yv*) and higher when we
evaluate Eqgs. (6) and (7). In this case, the phase U(f) is
given by Eq. (8) with
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where we have defined
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Here Erf is the Gauss error function, o Fj is the hyperge- t
ometric function, and z
M M. 9
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